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AHTDgaOBIAL COMPOSITIQMS 

This invention relates to antimicrobial compositions and 
to aadicel and other appliances coated or Impregnated with such 
compositions, end to boo* cement mixtures which contain such 
compos ltlona • 

1h« use of medical and otbar, for example veterinary, 
appliance* in contact with biochemical fluids, by which la mt*at ' 
to include protein-containing liquid* auch aa blood, urlns. milk 
and tbo ilka, la known to promote bacterial infection. Xndaad, 
materials such M foodstuff, and oil-based products, are 
susceptible to spontaneous bacterial infection* In the case of 
medical appliances conprlslng catheter*, for excnple urethral 
catheters for removal of urine, bacterial iofectiona often result 
in complicating condition* which are the causa of considerable 
discomfort to the patient. This is the case irrespective of 
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whether the cathetarieation is of intermittent or long-term 
duration* 

On nia «f silver compounds and metallic silver *• 
5 bactericidal, or antimicrobial, agenta in a variety of 
applications, In particular in tha provision of an antimicrobial 
coating on surgical implant*, taaa been proposed, such that the 
silver .erodes in vivo to provide release of silver ions et a 
concentration sufficient to produce e localised antimicrobial 
10 effect but insufficient to cause significant damage to connective 
tissue - see, for example, international patent application 
W08 1/02667, Furthermore, the silver may be combined with e more 
noble metal to promote galvanic action (see the above 
international application) or with a substance such as titanium or 
15 carbon (see V, German patent application DE 3228849 A 1). It has 
also been proposed to provide an antimicrobial composition for 
application for example to catheters, the composition comprising a 
mixture of an oligodynamic antimicrobial metal compound, for 
example of silver, and a resin (see International patent 
20 application W064/01721). However, it is apparent that under 
certain circumstances all these prior proposals are unreliable in 
that the antimicrobial effect is either insufficiently strong 
and/or is not sustainable over a sufficiently long period of time, 
particularly in contact with body fluids which are aggressive, 
25 that is, where there is present a high concentration of blood, 
protein, synovial fluid and the like, all of which provide Ideal 
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conditions for tha onaet end propagation of bacterial Infections. 
Certain reaine end polymers, on tha ottaar hand, have a tandtncy to 
mask or destroy tba bactarlcidal affect of ailvar or a allver 
compound when incorporated therein. 

3 

Bona cements are uaed inter alia in orthopaedic surgery 
for tba fixing of imp Ian ta and aapecially endoproatbetlc implants 
In bard, tiaaue and also aa filler* for tha repair of hard tiaaue . 
They are generally baaed on acrylic components, euch that the 

E 

10 cored caveat contain* poly(methecryllc acid eatera) aa ita main 
ingredient $ and way optionally contain a radlo-opacifying filler. 
▲ typical bona cemsnt mixture v before curing* con taint an acrylic 
copolymer porter* for example a polymathylmethacrylate/atyrena 
copolymer, an acrylic monomer* for example me thylme thacrylat e v in 

13 mhich the weight ratio of polymer to monomer la 2*1, and 10X by 
uaigbt of a radlo-opacifylng filler, baaed on the powder 
component. Bone cemente, whether uaed for fixing Implants in hard 
tiaaue or aa fillera for repair purposes, are generally required 
to remain in place for many yaara and therefore need to be 

20 non-degradable and inert in body fluid*, particularly in such 
aggraaalve environment* ** are to be found In tha edatlcal 
region, for example. The onaet and propagation of bacterial 
Infections in such regions cauae loosening of tha implant or the 
repair, swelling, pain and general discomfort and say ultimately 

25 require sore radical treatment such aa amputation of an affected 
limb, for example. 
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la order to guard against bacterial infection, it bat 
baan proposed to render bona cements anti-bacterial or 
enti-mierobiai by Incorporating therein, at partial or total 
raplaceaent for tba redio-opeeifying filler, a bactericide. 
S Silver aa a known bactarieida is not tuff ieiantly abla at ordinary 
concentrations to withstand aggressive envlronmente and quickly 
bacoaas deactivated. Evan pronotad fonts of silver ara not 
capable, of rendering a bone ceaent bactarlcidally active in 
aggressive environments. 

•10 

It is therefore an object of tba present invention to 
provide an Antimicrobial conposltion for application to nodical 
and other appliances, or for incorporation in bone ceaent 
mixtures, and which gives a sustained antimicrobial effect even in 
15 aggressive environment* end/or whan incorporated in certain resins 
or polyoers which tend to mask or destroy the affect. 

According to the present invention, therefore, we 
provide an antimicrobial conposltion comprising en oligodynamic 
20 metal component aa the antimicrobial agetat, characterleed in chat 
the composition Includes a hydretable or hydrated oxide component 
to enhance the antimicrobial effect. 

The invention alao provides a medical or other appliance 
25 coated or impregnated with an antimicrobial composition comprising 
an oligodynamic metal component aa the antimicrobial agent, 
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characterised la that the composition Includes a hydratable or 
hydraead oxide component, whereby In use the metal component is 
capable of providing releeee of aetal lona Into surrounding fluids 
or tissues sufficient to produce therein a sustained antimicrobial 
S effect. 

The Intention also provides a bone cement mixture 
comprising an acrylic powder, an acrylic monomer and a filler, 
Characterised in that the filler Includes an antisicrobiel 
10 composition comprising an oligodynamic metal component mm the 
antimicrobial egent end a hydratable or hydreted oxide component, 
whereby la use the mctsl component Is capeble of providing release 
of metal lone Into surrounding fluids or tissues sufficient to 
produce therein a sustained antimicrobial affect. 

IS 

Preferably the oligodynamic metal comprises silver. The 
hydratable or hydreted oxide component, which in use should be in 
the hydreted condition, Is formed preferebly from en element 
selected from calcium, megneslum, niobium, silicon, tantalum, tin, 

20 tltenlum, Hoc, aluminium, slrcoulum, cobalt, hafnium, lanthanum, 
tungsten and cerium. As well as providing the desired cnhencement 
of the antimicrobial effect, hydreted oxides for use according to 
the Invention should, of course,- not produce eny substantial 
adverse reaction in biological systems and In particular in body 

25 fluids end tlesues. Particularly preferred elements are 
aluminium, silicon, magnesium, niobium, tantalum, titanium, tin 
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and Blue* In particular , tlw us* of oxides of alunlniun, 
titanium, tin end tine heva electron densities and lattice 
properties such that they stabilise, under eartain dreams tancae, 
the silver component aa Ag + whereae sore generally it la preaent 
S In the metallic f on. 

For the purposes of the present Invention, calcium 
hydroxyepatite is regarded aa a hydrated oxide of calcium although 
it is strictly speaking a hydrated complex oxy-anion of phosphorus 

10 compound. 

antimicrobial conpositiona according to the invention 
when applied to a nodical or other appliance say be fomed aa a 
coating or layer on the appliance or may be impregnated into at 
IS leaat the surface of the appliance. When so applied, the costing, 
layer or impregnation may extend over substantially the entire 
surface of the applicance or may be applied to a part of the 
surf see, which may include the exterior end/or the Interior 
surf see. 

20 

By "medical or other appliance" we mean to include such 
items as catheters, wires, shunts, cannulas, enteral feeding 
tubes, endotracheal tubes, percutaneous devices, endoprosthatlc 
implants, orthopaedic pins, dental prostheses, sutures, wound 
25 dressings and tubing and apparatus for use in contact with 
biochemical fluids, such as medical ventilator tubing. 
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In antimicrobial coapositiouA According to the 
taxation, the siivAr Ia pwwt in the -etellic form, optionally 
at An admixture ot Alloy with A -ore electropositive or morA noble 
MtAl. or cArton, to promotA gAlvauic Action to Aid ™itne of 

» 

3 silver ions and thun enhance the antimicrobial Activity of the 
composition. 

The hyotAtAhle or hydrAted oxide way provide en 
Alectrochemicel driving force to enhance the cntladcroblal effect. 

10 by promoting the reection Ag — Ag + , nnd/or nay provide en 
inorganic pathway which facilitates in vivo raleaae of Ailver ione 
At a rate efficient to overcome the effect of r«lAtively high 
concentration* of blood, protein, synovial fluid end the like 
withoot cauelng releaee of silver lone at auch e rete that danage 

IS ia CAUAAd to local connective tissne, or nay ■tabiliee the ailver 
ea ag*. 

One way of applying composition* according to the 
invention to an appliance ia to disperse the composition in a 

20 polyaaric wateriel or precureor thereof and to apply or 
incorporate the resulting cowpoeition to or in an appliance 
surface, optionally followed by curing to complete the 
polyAAriAAtion . accordingly, the invention aleo include, an 
antimicrobial compoaltion comprlaing an Affective Amount of an 

25 oligodynamic metal, preferably silver, aa th* antimicrobial agent » 
characterised in that the composition Includes a hydretable or 



- 8 - 



0190504 



hydrsttd oxide component and is dispersed In a polymeric material 
or a precursor thereof , euch aa a monower or a pre-polymer. 

Applianeea to which compositions according to the 
5 invention may ba applied nay compriae tubing* preferably having a 
flexible wall, for example formed from polyvinylchloride, silicone 
robber, latex, or a layered substrate, for example oiliconiaed 
latex, .euch aa le suitable for a urethral catheter. Where the 
eompoaition according to the invention la formed aa a coating or 
10 layer on euch a aubatrate, the polymeric material cpapriaee a 
film-forming polymer which preferably renders the coating flexible 
so aa to be compatible with flexible-walled tubing, although 
chemical and biological compatibility are eleo required. 
Preferably, the polymer comprises a condensation polymer which may 
13 be substantially hydrophobic in nature. Examplea of polymere 
which may be need include silicone robbera, polylmldee, 
polyvinylchloride and polyesters, but It ia preferred to use a 
polyurethene, particularly a polyether polyuretbena. The 
film-forming polymer need not be the same or similar to the 
20 material from which the appliance Is made although for reasons of 
adhesion and so on It may be desirable for the materiala to be 
similar. Optionally, the appliance wall may be eurfaca-treated 
before the coating composition is, applied, the surface-treatment 
comprising fot example chlorlnation, or an additional layer may be 
25 interposed between the wall and the coating, for the purpose of 
increasing adhesion. As a further option, a thin semi-permeable 
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tap coating of polymer, for example • polyu™ thane, may be applied 
to control relaeae of silver tost, to give improved aurface 
smoothness and/or to mask the silver fro* the deactivating effeeta 
of body fluid*. 

5 

Aa .liver mmj be In the for. of any fine morphological 
•true tare auch aa granulet, epbarolda, ponder and the like, 
preferably deposited on the bydratable or hydrated oxide, when 
the silver end the hydratable or hydrated oxide are praeent ae an 

10 admix turt, fUk* ellver la preferred becauae It ba* a high 
geometric anrfaee area and preaanta a another external surface 
than do other particulate forma «bcn preaent in « polymer film. 
Tola le of general Importance in medical application* and la of 
particular Importance for urinary catheter*, in that the tendency 

15 to promote formation of calculi la thereby reduced. Flake le 
produced by know milling ttchniauee, In which the milling it 
preferably carried out in the preaenee of e surfactant to prevent 
Interpartlculate ueldlng and cggregetlon. The aurfactant should 
not give riae to a toxic or othar undeelrable reeponae In the 

20 notarial or tlaaue with which It cornea Into contact. 

The presence of silver In compositions according to the 
Invention confers the additional advantage of redto-opacity. 
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lit have found that, by way of example of the use of 
various oxides, titanltn dioxide My be used to enhance the 
tctivlty of silver in certain polymers, particularly 
carbon-containing polymers ouch at polyurethanes, ffbereas tantalus 

5 oxide enhances tha activity of silver in silicon-based polymer* 
such as ailicona rubber, thereby rendering tha compositions 
suitable for incorporating in or coating on appliances f onnad f row 
•uch polymers, and tantalum oxide la suitable for incorporation in 
bona cement mixtures* Optionally, two or more hydratable or 

10 hydrated oxides way be used together > for axaaple titanium dioxide 
and tantalus oxide ♦ 

Antimicrobial compositions according to tha invention 
and for uae with medical and other appliances preferably contain 

15 from 1 to 501 by Might of eilver, balance hydratable or hydrated 
oxide, more preferably from 1 to 10Z by wight of silver* For uae 
in bone cements, antimicrobial compositions according to the 
invention preferably contain 20 to 99Z by Height of silver; 
balance hydratable or hydrated oxide , more preferably 50 to 80Z by 

20 weight of silver, for example 60X. The particle size of tha oxide 
should preferably be below 5 microns and the surface area between 
1 and 100 m 2 g -1 , more preferably between 5 and 50 m 2 g" 1 , 
typically in the region of 20 m 2 g" 1 . The compositions vhen 
incorporated into polymers should be present in the range 1-75 Z by 

25 weighty based on the total of antimicrobial composition and cured 
polymers, preferably 5-40Z by weight, and vhen incorporated into 
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taw cements stall* be present in the taagt 1 to 252 by weight, 
based on eh* acrylic powder, preferably 5-102 by weight. For 
example, iilvtr nay be deposited on tantalum hydroxide according 
to the amounts aat our below end Incorporated In bone cedent 
5 mixtures at a level of 10Z by weight, beaed on ecrylie powders 

Ta(OH)j Ratio 

5 19il 

25 3x1 

40 3:2 

50 1:1 

75 1:3 

IS The «ntlalcrobi*i activity of compositions according co 

the invention nay be assessed by neaaarlng the woe of inhibition 
created by a eanple In standard agar. The sample my either 
comprise a section of catheter carrying a coating of a composition 
eccordlng to the invention applied at e dispersion in a polymer, 

20 or may comprise a cured bone cement containing a composition 
according to the invention. The testing procedure Is to prepare a 
culture of the chosen orgenisa (Staphylococcus aureus) grown for 6 
hours on rolling culture at 37'C in 10 al of tryptone soya broth 
(Qsold L37). The culture is diluted 1:100 in fresh broth before 

25 use. Rings of 2 mm thickness ere cut sseptlcally from the 
catheters, or discs of 6 am diameter are prepared from e bone 
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cement mixture containing 36 g of « polyamtbylmettacrylate/styrexie 
copolymer powder, 20 g of methyl ■ethacrylate, and 4 g of silver 
component dispersed on hydra ted oxide in a ratio by weight of 3s 2, 
end are placed in a sterile petri dish containing 15 ml of molten, 

5 conditioned standard agar medium. The medium consists of 
bacteriological peptone (5 g), purified egar (13 g), and "Analnr" 
sodium chloride (15 g). This is made up to 1 1 with distilled 
eater, boiled to dissolve the agar, autoelevcd at 121 a C and 
conditioned at 56*C for 48 hours. The medium containing the 

10 sample la than allowed eo set and, when dry, is inoculated by 
wiping a sterile smeb, dipped into the diluted culture, acrese the 
eurfaee of the agar. The inoculated medium is then incubated 
Inverted overnight at 37" C and the sone of inhibition of bacterial 
growth around each sample is measured* 

13 

. Catheter sample* are prepared by firstly forming an 
antimicrobial composition according to the invention and then 
dispersing in e polymer and applying to a catheter. One way of 
forming an antimicrobial composition- according to the invention le 

20 to form a slurry of the hydratable or hydreted oxide in water', add 

aqueous sodium hydroxide solution to render the elurry alkaline, ^j^^j^Cc 
and add aqueous silver nitrate solution followed by formaldehyde 
to reduce the eilver nitrate to metallic ailver which deposits on 
the oxide particles. The composition may then be dispersed in e 

25 polymer by dissolving the polymer, or a pre-polymer or monomer, in 
a eulteble solvent to a viscosity such that the antimicrobial 
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composition cm readily be Incorporated therein, Adding the 
antimicrobial composition in the required proportion, sad 
dispersing, for example in a blonder or triple-toll mill* The 
resulting dlepenlon may Chen be epplled to e catheter, for 
5 example, by dipping followed by drying to remove solvent end if 
neceeeery curing to complete the polymerisation. 

Another way of providing Antimicrobial compositions 
according to the invention, particularly when the hydretmble or 

10 hydra ted oxide le tantalum hydroxide, le to prepare hydratad 
tantalum oxide (known as *tantelic acid") ai an inorganic 
polymeric oxide gel by hydrolysis of tantalum pentechlorlde with 
caustic eoda According to known methods, and to dehydrate the gal 
to provide the oxide in non-agglommeratlve, finely-divided for* 

15 which may be re-dispersed in silver nitrate solution and silver 
precipitated as silver chloride on addition of sodium chloride* 
The resulting product may then be washed and dried* We believe 
that silver chloride is spontaneously reduced to silver natal in 
the presence of light. However, the silver nay be stabilised as 

20 Ag+, for example the chloride, by using an oxide, the electron 
density and lattice properties of which are such that the chloride 
or other hallde or pseudohalide phase le rendered resistant to 
degradation to metallic silver. It is preferred, in, t order to 
obtain this effect 9 to prepare the antimicrobial composition by 

25 dry impregnation, to obtain the maximum possible level of 
dispersion of the silver compound throughout the pores of the 
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. „ tAthniqua Involves edding 
„ r , fee dry impregnation t» twl ' 

* h«~ deposit silver on silice. -*ne.i- 

, H.i««ide titanie. a*d calcic hydroxyapatite, 
aluxin*, tsntslun hydroxide, • 

, v Wnttd or hydratsble oxides, end 
of »Uch ere either hydrsted or 7« 

- - - ■— - f 7 7 

, w- * ill Trains technique. Good results for 
polyvioylchlorid* by • «HPP"« W ™* H 

, , ««*h were observed for 2.5X silver on 
15 i^MDitioe of becteriel growth were oese 

n—i. *t loedings of up to 80X by 
titeni. end 201 silver on tiunie et loeding 

. » s t silver on silice in 

^ght in poiyther polyurethen. , 2.5* 

. .liver oe tentelue hydroxide in 

.iUcone rubber end 2.5% eilwer on 

poly-thyleethscrylete. Perticnlerly eucoureging we. 
20 inhibition in eger conteining 3X red blood cells, u. ~+ 

.Uver elon. is toUllv inective, e. described in the following 
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Btsapls:- 

A filler material comprising 20X by 
might of Ag on TIO2 wme prepared by reducing the 
silver oxide fotwd on addition of silver nitrate 
to on alkaline •lurry of HO2 with dilate 
formaldehyde. Tho resulting Ag on tlOj 
. antimicrobial composition ni spray dried. 

15g of this composition warn dispersed 
in 25g of suitable solvent. 19g of mala 
comprising 17X by weight of "Ossmocoll" 0510 in a 
suitable solvent vara addad and the composition 
redlspersed. 



The resulting composition «aa applied 

to standard PVC catheters to form a uniform 

coating and then dried for 16 hours at 77'C in 
C/ vacuum. 



Catheters produced by this route shoaad 
the following antimicrobial effect, where the 
figures relate to inhibition zone site in am for 
three samples in each test:- 
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Organism SAM . 3XMC/SAM 

I coli 25, 26, 27 U, 12. U 

Staph, aureus 26, 29, 31 13, 13, 14 

These figures compere with figures for 
•liver alone of 25 in SAM end 0 In 3X BBC/SAB. 
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For bom' cements, th« eemple* were compared with • 
prior art bona cement containing metallic silver with no 
hydrateble or hydrated oxide. Tha dlaaaUr of Cba sona of 
inhibition was found to be 30-35 mm In standard agar for tha 
15 inventive coapoaltion, coaparad with 25 ma for tha prior art 
eowpositlon, and 10-12 an In standard agar plus red blood calls 
for tha inventive composition, coaparad with aero for the prior 
art composition. 

20 Sample dlacs ware slao immersed in dlatllled water and 

periodically removed and re-ta«ted in the blood/egar mixture. The 
sona of inhibition was observed to improve with iaaareion time. 

Active bone ceaants may be prepared within • wide range 
2S of silver to hydrated tantalum oxide ratios froa 19:1 to 1:9 in a 
concentration of from 2 to 15Z by weight baaed on the powder 
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conpownt, and give reealte ooaaereble co tte ebove evanplary 

GOttpOfltlOD. 

Bom ccntnt coqpoeitione according co too Inwancion 
5 exhibit nechanicel and curing propartlee which ere within the 
eeeential Unite laid down In kSTA f 431 part 46* 

Via Invention alao inelodaa eurad antimicrobial bona 
cement* comprising an acrylic polymer and a r»dlo-o pacifying 
10 foliar, wherein tha filler Includes silver deposited on a rapport 
coaprlalng a hydretable or nydrated oxide* 
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CLAIMS 



1. An antimicrobial coapoeition comprising an oligodynamic 
metal eo^oont tf the eneiaicrobiel agent, characterised in that 
the composition includes a hydtateble pi hydrate* onide component. 

2. An entlmlrobial composition according to claim I, in 
which tha oligodynamic natal component comprises silver. 

i 

10 3, An antimicrobial compoeition according to claim 1 or 

dala 2, io which the hydretoble or hydratad oxidt component is 
formed froa an eleeent aalactad froa calciua, aagneeium, niobium, 
silicon, tantalum, tin. titatiiaa, zinc, aloatniua. rirconiun, 
cobalt, hafuiua, lanthenun, tmngsten and carina. 

IS 

4. An antiaicrobial eoapoaition according to claim 1, 2 or 

3, in which tha eoapoaition is dispereed in a polymeric eeteriel 
or a precursor thereof. 

20 5. An antiaicrobial eoapoaition according to elala 4, in 

which the coapoeition constitutes froa 1 to 75X by weight, baaed 
on the total of antiaicrobial coapoeition and cured polyaer. 

An antiaicrobial eoapoaition according to cleln 4 or 
25 claim 5, in which the polymeric aaterial comprise* a polyurethane 
or a silicone rubber. 
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7. An antimicrobial composition according to any preceding 
claim, lo which the metal is deposited on particles of the 
hyd ratable or hydrated oxide* 

8. An antimicrobial composition according to any of claims 
1, 2, 3 or 7, for one aa a coating or impregnant for medical and 
other appliance*, in which the metal constitutes from 1 to 50% by 
weight of the composition. 

9. An antimicrobial compoeltlon according to any of claims 
1, 2. 3 or 7 for use. in a bone cement mixture, in which the metal 
constitute* from 20 to 992 by weight of the compoeltlon. 

10. An antiaicrobiel composition according to any preceding 
clain, in which the mean particle else of the oxide is belov 3 
microns . 



11. An antimicrobial composition according to any preceding 
claim, in which the surface area of" the oxide particles is between 
1 and 100 n 2 g _1 inclusive. 

12. A medical or other epplianca, characterised in that it 
!• coated or impregnated with an antimicrobial composition 
according to any of claims 1 to 8, 10 or 11. 
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13. An appliance according to el«ia 12, which carries a 
further coating cosprlalng a eesii-paraaable polyaer. 

14. h bono ccaant alxtnre conprielng an acrylic povder, en 
5 acrylic aonoMr and a filler, cherecterieed in thet the filler 

includes an antiaicrobial composition according to any of claims 1 
to 7 or 9 to 11.. 



